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[ Abstract]
method, to provide an ideal animal model for exploring the pathogenesis and treatment of EMS. Methods

Objective To establish a rat model of ovarian endometriosis ( EMS) using the horn reversion
Fifty SPF-
grade female SD rats were divided randomly into five groups: a sham group, and 1, 2, 3, and 4 weeks after surgery
groups, respectively (n = 10 rats per group). Apart from the sham group, an ovarian-type EMS model was
established in the other groups by the uterine horn refracture method, and the modeling success rate, and ectopic foci
volume and mass were observed in each group. The morphology of ectopic foci was observed by hematoxylin-eosin
(HE) , and expression of proliferating cell nuclear antigen (PCNA), Ki67, epithelial cadherin ( E-cadherin), and
neural cadherin ( N-cadherin) in the uterus and ectopic foci tissues were detected by immunohistochemistry. The
model was further evaluated and the degree of cell proliferation and epithelial mesenchymal transformation at different
times after modeling were analyzed. Results The modeling success rates in the 1, 2, 3, and 4 weeks after surgery
groups were 80% , 90% , 100% , and 100% , respectively (P > 0.05). The volume and mass of the ectopic foci were
significantly greater in the 3 and 4 weeks after surgery groups compared with the 1 and 2 weeks after surgery groups ( P
< 0.01). HE staining showed endometrial epithelial cells, mesenchymal cells and a few glands in the ectopic foci
tissues. Immunohistochemical staining showed that expression levels of Ki67, PCNA, and N-cadherin in uterus tissues
were significantly higher (P < 0.05, P < 0.01) in all the model groups compared with the sham group, while
expression levels of E-cadherin were significantly lower (P < 0.05, P < 0.01). Expression levels of Ki67, PCNA,
and N-cadherin in the uterus and ectopic foci tissues were significantly higher (P < 0.05, P < 0.01) in the 2, 3,
and 4 weeks after surgery groups compared with the 1 week after surgery group, while expression levels of E-cadherin
were significantly lower (P < 0.05, P < 0.01). Conclusion The uterine horn reversion method can be used to
establish an ovarian EMS model in rats. Ectopic lesions can be observed 1 week after surgery. The success rate of
modeling increases with modeling time, stabilizing at 3 weeks postoperatively. Ki67, PCNA, and N-cadherin were
significantly expressed in the uterus and ectopic foci tissues, and their expression levels increased with modeling time,
while E-cadherin expression in the uterus and ectopic foci tissues decreased with modeling time. These results showed
good modeling success of the EMS rat model, suggesting that it could be used as a stable EMS modeling method.
endometriosis ; rat; animal model; horn reservion method
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Figure 1 Staining of vaginal exfoliated cells during the estrous cycle in rats( Methylene blue staining)
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Table 1 Success rate of modeling(n = 10)

s W/ EERIIE %
4150 X
G Number of Modeling success
7roups success/n rate/ %
AJE 1 A4
8 80
1 week after surgery group
AJ5 2 A4
9 90
2 weeks after surgery group
S =4
A 3 JRAL 10 100
3 weeks after surgery group
5 o
AJ5 4 T4 10 100

4 weeks after surgery group

JERENRIWTEZE, AT #Es (K 2)
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ARG R
1 week after
surgery group

AJE2AH
2 weeks after
surgery group

A JG3JE
3 weeks after
surgery group

ARG
4 weeks after
surgery group

3

B2 ARJE AN R S 0 A K

Figure 2  Growth characteristics of ectopic foci in different postoperative periods

2.3.2  SAiAAREUR R

i o s A ) 9 ) A R R RS 6 kAR R
FE AW AR, ARG 1.2.3 .4 AR
FE B ERM(P < 0.01) ,RJ5 1.2 4L

K Jgta Z [ AR L e e ARk (P > 0.05) , K5 3,
4 JRZH B AR R o 2 (A AH B G B AR (P >
0.05), SAJE 1.2 A4, AR5 3 4 A4 5707
SRR BT W BT E (P < 0.01) (£ 2)

R 2 AFARN ESALEAR TR A B KA A B A (v £ 5)

Table 2 Comparison of ectopic foci volume, mass, morphology, color, adhesion and angiogenesis at

different time after surgery(x = s)

S5 SRR/ mm? SALAE B/ mg FOLALIE S R B @ W T A
. Ectopic foci Ectopic foci Morphology and color of . B .
Groups 5 . . Adhesion and angiogenesis
volume/mm mass/ mg ectopic foci
ESERREE

1 week after 308. 57 + 209. 74

surgery group

NP
2 weeks after
surgery group

ARJG 3 4
3 weeks after
surgery group

ARJ5 4 A
4 weeks after
surgery group

115. 11 % 62. 67

396. 14 + 238. 18

228.40 + 97.79

2332.62 + 852.09™

1024.56 + 236.47™

1909.37 £ 1565. 13" 1319.95 + 952.77"

FROEHE €, T

Brown, turbid vesicles

ToRGIE , oW A A I

No adhesion, no obvious angiogenesis

MEEE0E , B B
Adhesion is dense, easy to peel,
the blood vessels are abundant

EANGIRCRLIE: 30

Red, turbid vesicles

RERE RS 3E 8 F

Dense adhesion, not easy to

BrEE
Clear vesicles peel, rich blood vessels

HEBCE NS A+
Dense adhesion, not easy to peel,
rich blood vessels

SRR

Clear vesicles

W S5ARE R4, P <0.01, (FFRF)

Note. Compared with 1 week after surgery group, ™ P < 0.01. (The same in the following tables)
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2.5 BRANEBRER

Ki67 =233k T MR b B R 44 i) 240 M A K
A E) B, PCNA 328 A e 15 N B b Bz 40
JHLFT RS 200 FE 1) A v LB N A /D s 1 SRR
E-cadherin 7E i I 57 210 ffd %) B 25 R0 M B v 38 5%
N-cadherin F2 25 FF 5 PR L Bz 40 M i %
M, SIRTFARHAMIL, ARG 1.2.3 .4 FHKR
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A RJE RS RE2L R34 I

BTARY 1 week after 2 weeks after 3 weeks after 4 weeks after
Sham group surgery group surgery group surgery group surgery group

B ARJGUAH  NEVEEA ARJG3FAH AJG4FH
1 week after 2 weeks after 3 weeks after 4 weeks after
surgery group surgery group surgery group surgery group

X AT A B

A TE B Ak,
3 KRERTEMFAAHAL HE Gz
Note. A. Uterus. B. Ectopic foci.

Figure 3 HE staining results of uterus and ectopic foci tissues of rats

FEH L Ki67 ,PCNA  N-cadherin Fik7K - KFA k44U Ki67 ,PCNA  N-cadherin ik 7K
ETHE (P < 0.05,P < 0.01) ;E-cadherin 357K FREFE(P < 0.05,P < 0.01) ; E-cadherin 3£
FRERFEM(P <0.05,P <0.01) (Kl 4,%3),  RAKPURZFRFRMK(P <0.05,P<0.01) (A5,
H5RJG 1 M, AR5 2.3 4 AKX T #£4),

NP N

1 week after
surgery group

RG24

2 weeks after
surgery group

pNERY
3 weeks after
surgery group

RG4S
4 weeks after
surgery group

NS &

4 Ki67 ,PCNA E-cadherin N-cadherin 7 K 75 Py Fak (Sesedifb e ()
Figure 4 Expression of Ki67, PCNA, E-cadherin, N-cadherin in rat uterus

tissues ( immunohistochemical staining)
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£3 FEHLH Ki67 PCNA E-cadherin . N-cadherin }4%8 2 K - 345055 BE(E B 3235 K (% + 5)
Table 3 Expression levels of Ki67, PCNA, E-cadherin, N-cadherin proliferation rate and mean optical density values

in uterus tissues(x + s)

2151 Groups Ki67 PCNA E-cadherin N-cadherin
= . Z
fRFAAL 6.24 £ 2. 14 23.16 £ 1.43 0.73 £ 0.01 0.19 = 0.05
Sham group
NERWHE
KU 1A 9.71 + 0. 62" 33.85 + 4.05" 0.51 = 0.03" 0.22 + 0.04
1 week after surgery group
N 4
IR 2 A 13.11 + 0.46 "% 36.45 + 3.80" 0.26 + 0.01"* 0.27 + 0.01°%
2 weeks after surgery group
K H¢
KU 3 A4 16.80 = 0.83 ™ 44.27 + 2,44 7% 0.22 + 0.02°" 0.31 + 0.04"*
3 weeks after surgery group
N 4
RJR 4 A 19.72 + 1.32%# 41.74 + 3.24*% 0.19 = 0.03"* 0.34 = 0.03"*

4 weeks after surgery group

TSRS VRGP < 0.05; 5T ARHAMIL,"P < 0.05,7P < 0.01, (F&I)
Note. Compared with 1 week after surgery group,* P < 0.05. Compared with the sham group,”P < 0.05,” P < 0.01. (The same in the
following tables)

PCNA E-cadherin N-cadherin
; ) . -

RJG1HH
1 week after
surgery group

RG22
2 weeks after
surgery group

ENERYED
3 weeks after
surgery group

RG4S
4 weeks after
surgery group

5 Ki67 ,PCNA E-cadherin ,N-cadherin 7£ K B A0kt 4 ) 3R 3A (s difb g )

Figure 5 Expression of Ki67, PCNA, E-cadherin, N-cadherin in rat ectopic foci tissues( immunohistochemical staining)

T4 AL Ki67 . PCNA E-cadherin N-cadherin FY3EFE R 456588 FEE A R IB K (% £ 5)
Table 4 Expression levels of Ki67, PCNA, E-cadherin and N-cadherin in ectopic foci tissues in terms of proliferation rate

and mean optical density values(% = s)

2151 Groups Ki67 PCNA E-cadherin N-cadherin
N G
AU 1AL 2.19 +0.18 31.19 = 11.70 0.37 + 0.06 0.18 + 0.04
1 week after surgery group
N G
RI 2 A4 4.06 £0.31° 46.32 + 5.62 0.28 £0.07° 0.24 + 0.04
2 weeks after surgery group
N G
RJE 3 A4 6.27 £ 0.56™ 61.34 £ 11.51™ 0.23 +0.03™ 0.33 £ 0.04"
3 weeks after surgery group
)5 4 84
RIG 4 F4L 12.03 £ 1.617™ 53.09 + 12.33" 0.20 £ 0.01™ 0.37 £0.09™

4 weeks after surgery group
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kb, Bl = 0 4 e ) B A S 0T
— SRR

HE Y2 —Fh i WIS 41 2UR 8 4540 728
TR O T7 8 AR A RE ] R IE 1 ikt
LI W, 1B IR L2 IR 5 W, B AR 4548 58
B BRI TEARSE 3 ~ 4 8, RO IR TR I
i i 2 WG N O T AR E O R AR AR i A A
T, 200 3 B 3k B 0 £F S EMS 1Y R AR R R
0L

I Kz 18] B % 4k ( epithelial-mesenchymal
transition, EMT) J&38 H A I {7 4 4UE A 00 4 g 4k
100 J5T 4 L 1 29 28 DAL T 7 40 fH T % B it o i
R A, WFIEIAH EMT 5 EMS &bl A
K, S5 AN B L LURG T A= 28 RN 5 2 — 2R )
AR YR N A A R AR EMT B 40 i 2k
P& A e ONE SO DR A d e Y SN
TEr N B A 5 7 A K™Y, E-cadherin, N-
cadherin 73 1) /& b B 4i 0 | 18] 5 40 i A5 75 40, EMT
B 3 BARAE R LN E-cadherin 28 3K 7K SEREAIE,
1M N-cadherin F) 235 7KFETF 5 . E-cadherin 7E 4
R LR MR 25 N 20 21 25 0 56 8 rh R 45 8 AR
1, N-cadherin £ [ BH P 2% 35 7] 58 {6 98 200 Jfd o 2%
GyikAGia 3 SR RE 1 I R 5T 3R
E-cadherin 75 B 8251 EMS 7E0v 7 2H 20 3R 3K
BEMTIER FE AR oo & B R
RTRERAS T E EMS B B kR A AE B b B 1]
FER L AR W ARAE 7 EMS 55 748 vl 22 F] E-
cadherin F A FEK AT N-cadherin F2IAEE0, 53040
JHL B BRF U /L, 400 B AR 28 1 ) AR S
KB, SARJE 1AM, AR 3.4 J8 R BT E
i 41 20 21 ' E-cadherin ) & & B 3 & 1K,
N-cadherin ¢35 {2 2% T /5y , ¥ BEH 0T 68 (1) 5 B AR
AR - i T S U Y JE G 1B P R L R A
JIT R, BAT b B AN AR 1 200 i 32 A Ak A 1]
FARM, HESh T EMT B & A=, £ 56 40 i 5 58 AR
HERE, R T8 SO T
o PR AR AL B 2 8 T IR T EMS PR Y

EMS % 1 & JF A B A R 41 i A 2H 20
HEFE , A0 AN ZH 2R B FE RE ) 2 S EMS P Y
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HEOCHENZR W 5H fE 07 B gl B R A A 1Y
PERRARAR . PCNA 2 —Fh 55 40 i J&] 391 40 56 1)
PR PERZ S 1, TEAN M FE A B G e BT aa 7,
G1/S WIRR 2| Tl | BB 5 DNA RE W & M H Bl
EE R Nl U T R R SR &
* 29 Ki67 5 PCNA 2 18 s 20 A 498 i A 5%
% Eaﬁtﬂ%éﬂiﬂﬁﬂﬂ;ﬁﬂ& F2 T AE A0 A
E%‘%L TR R R A, HRB AR
2 Ao S B T R, BB A 3R O I PR A
RN S Y Ki67 /KB & FIE
W, B BENEES HR R AE T
FEA P REE, U BH S A7 PN R0 B T R 3R Ao 2 okt A4 A
i = R 2 T L i N v e 1 U2 = A T ]
SEEMS EA LR WEEIEITE EMS KR
BRI PCNA 1 Ki67 B3R5 0 E T, X ERE
PRSI PR 2 I #5 5 EMS BB R, &
6)%?%75&% 5EUE 1 EME, SRS 3 4 KR
T SEAEH LR PCNA I Ki67 B3k B &
R RUTEERS 3 ~ 4 HN, SALLE 20 o 2L
FIGGE (9 RE A Wi B 5, {2 F T EMS ) & 4
K,

L5 LTk AR B B MR TR T A
T OPEA EMS K RS, B B ik R R
P AR 0 H R R . BB AR S T
B PIEAT SR O T P [ SRR AR 11 A R
SEIEAS , HLAG B 10 18 A 6 1 K b Rz 1) B i A R
J1, 595 1A 55 BLRE A — B, AR WEE S O SR
EMS FJ BEALHIATE 5T B 250 k& A it 1T 4 3
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